[1] We have performed a series of co-compression experiments on Au, Pt, Mo, MgO and NaCl to extend internally consistent pressure calibration and characterize shear strength of pressure media to 2.5 Mbar. Measured unit cell volumes of calibrants show differences between existing pressure scales of $10% above 2 Mbar. A new comprehensive pressure scale is proposed in good agreement with recent reduced shock isotherms for Au, Mo and Pt and with internal agreement to 3% at Mbar pressures. Deviatoric stresses were analyzed for each material based on diffraction line broadening and line shifts due to anisotropic strain. The measured strength of Ne at 2.5 Mbar is 8 GPa. Diffraction line width analysis suggests that deviatoric stress conditions at 2.5 Mbar are similar for He and Ne media.
Introduction
[2] Uncertainty in experimental stress conditions is an important source of error in measurements of phase equilibria and physical properties at deep Earth pressures. This error is evident in the range of reported pressures for key mantle phase transitions such as the perovskite-post-perovskite boundary in MgSiO 3 [Murakami et al., 2004; Hirose et al., 2006] . Accurate pressures are also necessary for measurements of the equation of state and compressibility of mantle phases. Differences of up to 15% have been observed among equation of state measurements for materials such as MgSiO 3 post-perovskite [e.g., Ono et al. 2006a] and Fe [Dewaele et al., 2006; Sata et al., 2010] largely due to pressure scale differences at Mbar conditions.
[3] An absolute pressure scale can be determined from independent measurements of density/volume together with pressure or compressibility. Commonly used pressure scales are often derived from shock compression experiments in which measurements of the shock and particle velocities constrain pressure, volume and specific internal energy through the application of Hugoniot equations [Nellis, 1997] . Static pressure scales based on shock compression data include those for gold [Jamieson et al., 1982; Yokoo et al., 2008] , platinum [Jamieson et al., 1982; Holmes et al., 1989; Yokoo et al., 2008] , magnesium oxide (MgO) [Jamieson et al., 1982] and molybdenum [Hixson and Fritz, 1992] . However, the correction for thermal effects on the shock Hugoniot is uncertain, and the size of the necessary thermal correction grows as shock temperatures increase [Nellis, 2007] . Alternatively, an absolute pressure scale can be derived from a combination of adiabatic elastic properties from Brillouin scattering or ultrasonic interferometry and volume from X-ray diffraction [Zha et al., 2000] . Such measurements have been restricted to low pressures and require uncertain extrapolations to be applied at Mbar pressures. These primary methods for pressure calibration are the basis for pressure measurements in diamond anvil cell (DAC) experiments.
[4] An ideal internal pressure standard is inert and compressible, with a simple crystal structure, strong X-ray diffraction pattern and no phase transitions over the experimental pressure range. Commonly used standard materials include gold and platinum especially due to their additional roles as laser absorbers in high-temperature experiments. Pressure calibrants also used as insulating/pressure-transmitting media include magnesium oxide, sodium chloride and neon. Another consideration in calibrant choice is overlap of diffraction peaks of the standard with the sample. Au, Pt and MgO all have simple face-centered cubic (FCC) structures, and their diffraction peak positions are similar at Mbar conditions. Molybdenum, as a body-centered cubic (BCC) metal, offers potential to be a useful alternative to FCC standards.
[5] Recent experiments have assessed the consistency of primary equations of state for X-ray diffraction standards by simultaneous X-ray diffraction measurements [Dewaele et al., 2004; Dewaele and Loubeyre, 2007; Fei et al., 2007; Dewaele et al., 2008b; Hirose et al., 2008; Sata et al., 2010] . Shock-based calibrations for metals have been observed to deviate at Mbar pressures by as much as 10% [Dewaele et al., 2004 [Dewaele et al., , 2008b . Furthermore, most co-compression experiments have been limited to maximum pressures of 100-150 GPa. As static experiments have now pushed measurements of both calibrants [Sata et al., 2010; Takemura et al., 2010; Sakai et al., 2011] and planetary materials [e.g., Tateno et al., 2010] to the multi-Mbar regime, additional cross-calibration experiments are needed to test the reliability of these scales to higher pressures.
[6] Theoretical calculations can provide complementary constraints on material behavior at high pressures and temperatures [e.g., Wentzcovitch et al., 2010] . Density functional theory (DFT) calculations of density and elastic properties have inherent approximations but are not limited by experimentally feasible conditions and do not suffer from uncertainties due to pressure calibration. These methods provide important tests of experiments and have been used to derive independent pressure standards [e.g., Tsuchiya, 2003 ]. Hybrid equations of state for pressure calibration have been produced based on a combination of theoretical constraints and experimental data [Dorogokupets and Oganov, 2006; Dorogokupets and Dewaele, 2007; Sun et al., 2008; Wu et al., 2008; Matsui et al., 2009; Matsui, 2009; Jin et al., 2010 Jin et al., , 2011 .
[7] At high compressions, differences between the functional forms used to parameterize experimental and theoretical equations of state also become important. The third-order Birch-Murnaghan equation [Birch, 1947] derived from a series expansion of free energy is the following:
where P is pressure, K 0 is the isothermal bulk modulus at ambient pressure, V 0 is the zero-pressure volume, and K′ 0 is the pressure-derivative of the bulk modulus at ambient pressure. The equation of state originally derived by Stacey et al. [1981] based on the Rydberg interatomic potential [Rydberg, 1932] and popularized by Vinet et al. [1986] has an exponential form:
where h is 3/2(K′ 0 À 1) and f V is (V/V 0 ) 1/3 . As pressure approaches infinity, volume approaches zero and so this form has been argued to be more suitable for modeling solids under extreme compression [Vinet et al.,1987; Hemley et al., 1990] . At high pressures, the Birch-Murnaghan and Vinet equations yield different sets of parameters V 0 , K 0 and K′ 0 . Specifically, the Vinet equation yields a larger value for K′ 0 for a given data set. This difference is important because comparing EOS parameters derived from fits of experimental data to independent measurements by ultrasonic interferometry and Brillouin spectroscopy is an important test of reliability.
[8] Additional uncertainty in stress conditions arises due to the non-hydrostatic stresses produced in the DAC. To minimize deviatoric stresses, DAC experiments employ pressure-transmitting media. Solid noble gases Ar, Ne and He are widely used as pressure media due to their chemical inertness and low strength. Of these, He solidifies at the highest pressure (11.5 GPa [Besson and Pinceaux, 1979] ) and is known to provide the most hydrostatic stress conditions up to at least 40-50 GPa [Mao et al., 1988; Takemura and Dewaele, 2008; Klotz et al., 2009] . Only limited measurements of the strengths of Ne and He media have been reported to higher pressures [Takemura, 2001; Takemura et al., 2010] .
[9] In this work we compress combinations of Au, NaCl, MgO, Mo and Pt in the diamond anvil cell in solid noble gas pressure media up to 2.5 Mbar. We use synchrotron diffraction to determine the unit cell volumes and estimate the magnitude of deviatoric stresses. A new self-consistent pressure scale is proposed for these materials based on the recently proposed MgO scale of Tange et al. [2009] . This scale is then compared to previous shock measurements and elasticity data.
Experiments
[10] High-pressure experiments were conducted using diamond anvil cells. Sample materials were commercial powders of Pt, Au, NaCl, MgO and Mo with grain sizes of 0.5-5 mm and purities greater than 99.9%. Samples were ground together and loaded into the DAC as compacted powders or, in one case, a loose powder. Samples were typically less than 5 mm thick and half the diameter of the sample chamber. Beveled anvils with inner culet diameters of 50-100 mm were used. Sample chambers were obtained by drilling a hole of diameter 1/3-1/2 of the culet diameter in a $25-mm thick Re gasket. Ne or He gas was loaded as a pressure-transmitting medium using the COMPRES/GSE-CARS high-pressure gas loading system [Rivers et al., 2008] . A small ruby chip was used for pressure calibration during gas loading. One sample of NaCl was loaded together with an Au foil and no medium present. Loading configurations for each run are listed in Table 1 .
[11] Samples were compressed at room temperature. Synchrotron X-ray diffraction was carried out at beamlines 16-ID-B (HPCAT) and 13-ID-D (GSECARS) of the Advanced Photon Source. The X-ray beam was focused with Kirkpatrick-Baez mirrors to $3-6 mm. The tails of the beam were blocked by an 8-20 mm pinhole, minimizing diffraction peaks from the Re gasket. 2-D diffraction images were recorded on a MarCCD detector. Images were calibrated using a CeO 2 standard and integrated with Fit2D software [Hammersley et al., 1996] . Diffraction peaks were fit to Voigt line shapes.
Results
[12] Representative diffraction patterns and the variation of measured d-spacings with pressure are shown in Figures 1-4 . The combinations of materials examined in our experiments (Table 1 ) provide redundancy and cross-checks. For most runs, FCC (Au, MgO and Pt) and BCC (Mo and NaCl B2) materials were paired to minimize diffraction peak overlaps. Unit cell volumes (Tables S1-S6 of the auxiliary material) were determined by averaging lattice parameters from 3-5 diffraction lines for most materials.
1 Exceptions were Ne, for which only (111) and (200) were observed, and MgO, for which (111) is much weaker than (200) and (220). Weak or poorly resolved diffraction peaks were not used to determine pressures or deviatoric stresses.
Equations of State
[13] Equation of state fits to the volume data were made using both the third-order Birch-Murnaghan equation and the Vinet equation. All data sets for Au, MgO, Mo, NaCl B2, Ne and Pt were simultaneously fit via non-linear least squares to determine equation of state parameters that minimize the pressure differences among all the different materials relative to the fixed MgO reference scale:
where for all n pairs of volume data, P i is the pressure determined by each calibrant, DP i is the difference between these pressures and P i is their mean. Equation of state parameters V 0 , K 0 and K′ 0 are difficult to fit simultaneously due to tradeoffs [e.g., Angel, 2000] -when all parameters are allowed to vary, uncertainty on K 0 for each material is up to 20%-but for most of these materials V 0 and K 0 are well-constrained by independent measurements such as X-ray diffraction and ultrasonic interferometry at ambient conditions. Values for V 0 were fixed for all materials. Fits were performed with and without fixing K 0 for Au, Mo and Pt. The resulting fit parameters using the Vinet equation are given in Table 2 and are compared to previously reported values in Tables 3-4. In the case of fits with fixed parameters, the uncertainties from the fitting are artificially low due to the constrained nature of the fit. We suggest that realistic uncertainties on K 0 and K′ 0 are $2%. Fits are shown together with volume data from this study and previously reported equations of state in Figures 5-9. Also shown are co-compression data reported in other studies on these materials [Sata et al., 2002; Ono et al., 2006b; Hirose et al., 2008; Sata et al., 2010] .
[14] Our fit results using the Vinet equation of state shown in Figures 5-9 gave lower error and better agreement with ambient elasticity measurements than the Birch-Murnaghan equation, as also reported in other previous studies to high compressions [Vinet et al., 1987; Hemley et al., 1990; Ono et al., 2006b ]. The strongest difference is seen for Ne, the most compressible material examined. [15] MgO was selected as the reference for the new equation of state determination and was fixed in our fit. The high-pressure behavior of MgO may be better constrained than that of any other material: its simplicity and geophysical importance have motivated multiple studies by shock compression [Marsh, 1980; Duffy and Ahrens, 1995] , static compression Dewaele et al., 2000; Speziale et al., 2001; Tange et al., 2009] high-pressure elasticity [Sinogeikin and Bass, 2000; Zha et al., 2000; Li et al., 2006; Kono et al., 2010] and theory [Dorogokupets and Dewaele, 2007; Wu et al., 2008] . Data from a variety of studies and methods were integrated by Speziale et al. (Table 3 ). This value is consistent with more recent studies involving inversion of MgO data sets independent of an empirical pressure scale [Kennett and Jackson, 2009] and combined elasticityvolume data at high pressures [Kono et al., 2010] . However, the Tange et al. [2009] scale is stiffer than most other MgO scales listed in Table 3 . The uncertainty in the fit of this equation of state to the primary data was measured to be 0.8 GPa. We confirm below that the Tange et al. [2009] MgO scale is consistent with shock isotherms for Mo, .
[16] The equation of state fit for Mo in this study is dependent only on the MgO scale (Table 1) . Measured volumes are in excellent agreement with the shock equation of state of Mo [Hixson and Fritz, 1992] when MgO pressures are calibrated by Tange et al. [2009] (Figure 5 ). The fit is also in good agreement with the co-compression study by Dewaele et al. [2008b] and the X-ray and neutron diffraction study by Zhao et al. [2000] . An extrapolation of ultrasonic elasticity measurements by Liu et al. [2009] gives much lower compressibility than other studies. Our work is the first static quasi-hydrostatic experiment to constrain the equation of state of Mo relative to other commonly used calibrants to multi-Mbar conditions.
[17] Gold has many of the attributes of an ideal pressure standard, and has been widely studied as a result (Table 4) . However, pressure scales for this material deviate by more than 10% at Mbar conditions. Multiple ultrasonic studies consistently report K 0 values close to 167 GPa, but K′ 0 measurements range from 5.0-6.5 [Daniels and Smith, 1958; Hiki and Granato, 1966; Golding et al., 1967; Biswas et al., 1994; Song et al., 2007] . Lower K′ 0 was observed by shock compression [Jamieson et al., 1982] and X-ray diffraction [Takemura, 2001; Shim et al., 2002] , though these studies were later found to give systematically low volumes for Au relative to other data [Takemura and Dewaele, 2008] . Yokoo et al. [2008] reported new shock compression data up to 580 GPa and found a stiffer shock wave equation of state than earlier shock experiments. Reduction of the shock data included the electronic thermal pressure effect [Yokoo et al., 2009] , and the reduced isotherm is stiffer than the earlier shock isotherm of Jamieson et al. [1982] . These new shock compression data and recent cross-calibration studies [Fei et al., 2007; Takemura and Dewaele, 2008] appear to converge on K′ 0 values of 5.9-6.0 when using the Vinet equation of state. Our equation of state for Au ( Figure 6 ) is in excellent agreement with the shock-reduced equation of state by Yokoo et al. [2009] and with recent cross-calibration studies [Fei et al., 2007; Takemura and Dewaele, 2008] . Data from previous studies by Ono et al. [Daniels and Smith, 1958; Hiki and Granato, 1966; Golding et al., 1967; Biswas et al., 1981] . [2008]; Sata et al. [2010] have systematically slightly higher Au volumes relative to NaCl B2 volume than observed in our study near Mbar pressures (Figure 6 ).
[18] Platinum is less compressible than gold but also commonly used as a pressure calibrant and laser absorber and so its equation of state has also received much attention. Calibrations based on reduced shock data by Holmes et al. [1989] and Yokoo et al. [2009] exhibit lower compressibility than recent X-ray diffraction studies [Dewaele et al., 2004; Fei et al., 2007] . The equation of state fit for Pt in this study (Figure 7 ) is in good agreement with the reduced shock equation of state by Yokoo et al. [2009] , but the volume data show some systematic deviations from the shock data below 1 Mbar. Within runs, the data scatter is comparable to previous studies by Sata et al. [2002 Sata et al. [ , 2010 but is larger than errors reported by Dewaele et al. [2004] . Measured volumes agree with the annealed data by Sata et al. [2002] , but our data fall below volumes measured for Pt by Sata et al. [2010] by 1%. More work is needed to investigate these uncertainties and better resolve the equation of state of Pt.
[19] Since NaCl B2 and solid Ne are not stable at ambient conditions, their zero-pressure equation of state parameters cannot be measured directly. In these fits, a theoretical value for V 0 was chosen for NaCl B2 [Bukowinski and Aidun, 1985] and a cryostatic experimental value for Ne [Batchelder et al., 1967] as in Fei et al. [2007] . K 0 and K′ 0 for these phases differ by up to 20-40% between BirchMurnaghan and Vinet fits. Our volume data for NaCl B2 and MgO agree very well with previous studies [Sata et al., 2002; Hirose et al., 2008; Sata et al., 2010] , but the MgO calibration by Tange et al. [2009] requires the NaCl B2 phase to be less compressible than previous equations of state [Ono et al., 2006b; Fei et al., 2007; Sakai et al., 2011] (Figure 8) . The previous equations of state of NaCl B2 phase by Fei et al. [2007] and Sakai et al. [2011] are in very good agreement, but for our data both of these NaCl scales give higher pressures than the MgO scale by Tange et al. [2009] and Au scale by Fei et al. [2007] by $15 GPa at 2.5 Mbar. For Ne, our data exhibit some scatter but our scale is in good agreement with Fei et al. [2007] (Figure 9 ). Results for Ne relative to MgO and NaCl B2 scales agree within observed volume variation.
[20] Pressure differences given by our comprehensive pressure scale, DP i , for materials co-compressed with MgO and NaCl B2 respectively are presented in Figure 10 . Although pressure scales determined in this study are in agreement with the scales by Fei et al. [2007] and Dewaele et al. [2008b] at lower pressures, they deviate with increasing pressure to as much as a 10% difference at 2.5 Mbar. This difference is observed principally in the compressibility of NaCl B2, which we have found to be overestimated by previous studies relative to every other calibrant. Our comprehensive fit brings these calibrants into agreement above 2 Mbar within the scatter of the data. For metals Au, Pt, and Mo, our equation of state parameters (Tables 3 and 4 ) are in best agreement with the most recent reduced shock wave isotherms [Hixson and Fritz, 1992; Yokoo et al., 2009] .
Pressure Error and Differential Stress
[21] Error in equation of state measurements increases at Mbar pressures due both to measurement precision and to non-hydrostatic stresses. The uncertainty in volume due to diffraction resolution and peak fitting results in increasing uncertainty in pressure at small volumes. In our experiments this uncertainty reaches $3% at 2.5 Mbar, as observed from within-run data scatter (Figure 10 ). Additional systematic error in equation of state measurements between materials and between experimental runs can be due to differences in sample loading conditions and/or material properties. This error is assessed for our measurements by evaluating the hydrostaticity of the stress state.
[22] Hydrostatic pressure in the diamond anvil cell can only be achieved within a fluid medium. Because no liquids are stable above 12 GPa at room temperature [Besson and Pinceaux, 1979] , purely hydrostatic stress is not possible at higher pressure. Low differential stress, or quasi-hydrostatic compression, can be maintained by using soft solid media such as noble gases. In the diamond anvil cell, the stress state is approximately uniaxial, with the maximum stress along the compression axis and the minimum stress in the radial direction. The difference between maximum and minimum stresses, or differential stress, t, supported by a solid medium will be no greater than its yield strength. The yield strength of the medium also limits the radial pressure gradient across the sample [Sung et al., 1977] . Powder samples also exhibit a distribution of stress differences between crystallites, or microstresses, resulting from grain contacts. These nonhydrostatic stresses produce anisotropic lattice strain and systematic errors in volume determination. Differential stress and microstress can be measured from their effects on diffraction line shifts [Singh, 1993] and widths [Weidner et al., 1994; Takemura, 2001] . These measurements can be used to determine yield strengths [Duffy, 2007] and give complementary constraints on the hydrostaticity of sample conditions at high compression.
Peak Widths
[23] Figure 11 shows diffraction peak widths (FWHM) measured for Pt and Au loaded in He and Ne media. The width of diffraction peaks depends on instrumental resolution, grain size and microstresses. Instrumental resolution may vary especially for experiments conducted at different facilities due to X-ray beam divergence and detector position and resolution. Typical instrumental resolution for this work is indicated by the range of peak widths observed for the CeO 2 standard (Figure 11 ). With increasing pressure, diffraction peaks broaden due to differential stress [Takemura, 2001; Weidner et al., 1994] . Grain size reduction by shearing can also result in peak broadening. In addition, the stress distribution is greater when the sample supports a significant stress gradient relative to the area sampled by the X-ray beam.
[24] Takemura and Dewaele [2008] reported diffraction peaks widths in Au samples compressed in a He medium. The measured peak widths varied from run to run (Figure 11 ). This may reflect differences in experimental factors such as deformation of the gasket, distribution of the pressure medium, grain size reduction, and details of grain interactions which can be different even in runs conducted with nearly identical experimental protocols. We obtain peak widths in Au with a Ne medium up to 245 GPa (run ANN11). Our measured peak widths for the Au (111) line display a trend consistent with the lower range of measurements in a He medium, while the (200) line shows widths closer to the higher range (Figure 11 ). The minimum peak widths observed by Takemura and Dewaele [2008] were within the range of our CeO 2 standard, indicating these experiments likely have comparable instrumental resolution. This indicates that the differential stresses in Ne may be similar to those in He even up to Mbar pressures.
[25] Also shown in Figure 11 are peak widths for Pt compressed together with MgO or NaCl in He and Ne media. Pt peaks widths are greater than Au peak widths, probably reflecting the smaller grain size of the Pt sample (0.5-2 mm). Larger peak widths for run PNH7 especially at 50-125 GPa suggest this run was less hydrostatic than other runs. At high pressures (>50 GPa), peak widths for a given reflection measured in He (run PMH6) or Ne (run PMN3) are very similar, again suggesting that the stress differences supported by Ne and He are similar to Mbar conditions.
Diffraction Line Shifts
[26] Differential stress results in variation in the lattice parameter as a function of crystallographic orientation (hkl) [Singh, 1993] . In the axial diffraction geometry in the DAC, interplanar spacings are measured near the minimum strain direction. Anisotropic lattice strain results from elastic anisotropy. The elastic anisotropy of a cubic crystal can be expressed by the elastic anisotropy factor, S = 1/(C 11 À C 12 ) À 1/(2C 44 ), where the C ij are elastic stiffnesses. For an isotropic material, S = 0, whereas a positive value of S implies that the Young's modulus is greater in the [111] direction than the [100] direction. The effect of deviatoric stress on the lattice parameter for a given hkl is given by Singh [1993] and Singh and Takemura [2001] :
where
Figure 5. Volume data for Mo fit to the Vinet equation of state (green) with reference to MgO and previous measurements of the equation of state of Mo [Hixson and Fritz, 1992; Liu et al., 2009; Dewaele et al., 2008b] . Figure 6 . Volume data for Au from this study and previous work [Ono et al., 2006b; Hirose et al., 2008; Sata et al., 2010] fit to the Vinet equation of state (gold) with reference to NaCl B2 scale from this work. Equation of state curves for Au from previous work are plotted in green [Jamieson et al., 1982] , red [Yokoo et al., 2009] and blue [Fei et al., 2007] .
and a P is the lattice parameter under hydrostatic pressure P. a is a measure of continuity of strain and can take values between 0.5 and 1 or between 1 and 2 [Singh, 2009] . G V is the shear modulus under isostrain conditions. If we assume M 0 ≈ a P and a = 1, the product St can be derived directly from the slope and intercept of a(hkl) with 3(1 À 3 sin 2 q) G (hkl):
[27] The accuracy of determination of the differential stress, t, is limited by, among other factors, how well the dependence of S on pressure is known. S can be determined from high-pressure elastic constants but experimental measurements are limited to low pressures and extrapolation to Mbar conditions is uncertain. Instead, for most materials, we used theoretical calculations of C ij s from density functional theory. However, for Au, due to inconsistency between theoretical elastic constants [Tsuchiya and Kawamura, 2002a; Greeff and Graf, 2004] , we use pressure derivatives ∂C ij /∂P from ultrasonic interferometry by Golding et al. [1967] as in Takemura and Dewaele [2008] . Extrapolations were performed using finite strain theory [Birch, 1978] . Our samples include materials with both positive and negative elastic anisotropy factor, S ( Figure S1 of the auxiliary material). The magnitude of S decreases with pressure and several materials (NaCl, MgO, and Mo) are close to isotropic at Mbar conditions. Due to their higher elastic anisotropy, Au, Ne, and Pt are more sensitive to nonhydrostatic stress and may give more reliable estimates for t. Conversely, the volumes of these materials are more likely to show systematic deviation from the equation of state due to lattice strain. Figure 7 . Volume data for Pt from this study and previous work [Sata et al., 2002 [Sata et al., , 2010 fit to the Vinet equation of state (black) with reference to MgO . Equation of state curves for Pt from previous work are plotted in blue [Holmes et al., 1989] , green [Fei et al., 2007] and red [Yokoo et al., 2009] . Figure 8 . Volume data for NaCl B2 (blue filled dots) and fit (blue line) with reference to MgO with other equations of state curves for the NaCl B2 phase [Ono et al., 2006b; Fei et al., 2007; Sakai et al., 2011] . Previous measurements from co-compression experiments are shown in open circles [Sata et al., 2002; Hirose et al., 2008; Sata et al., 2010] .
[28] Examples of measured lattice parameters as a function of 3(1 À 3 sin 2 q) G (hkl) are shown for Pt in Figure S2 of the auxiliary material (PNH7). Differential stress measured in Pt was similar between runs with Ne and He medium (Figure 12 ), consistent with peak width measurements (Figure 11 ). Over 10-224 GPa, the observed t ranged from 1-4 GPa (with one outlier at 5 GPa). Above 100 GPa t is $2% of the pressure. This is higher than t measured for laser-annealed samples in Dorfman et al. [2010] , but lower than unannealed Pt in a NaCl medium [Dorfman et al., 2010] and previous measurements of the strength of Pt under nonhydrostatic conditions [Kavner and Duffy, 2003; Singh et al., 2008] . At Mbar pressures, samples loaded in Ne and He were both more hydrostatic than those in NaCl or no medium, but He was not significantly more hydrostatic than Ne.
[29] Differential stress was also directly evaluated for the Ne medium from the (111) and (200) lines ( Figure S3 of the auxiliary material). Our observations are consistent between runs and in excellent agreement with Takemura et al. [2010] , given the same function for S(P) [Tsuchiya and Kawamura, 2002b] : t is $3% of the pressure, and reaches values of 6-10 GPa at 2.5 Mbar. While the strength of Ar has been suggested to increase nonlinearly with pressure ( Figure S3 of the auxiliary material), the strength of Ne appears to increase linearly to Mbar pressures. However, t measured in the Ne medium is higher than t measured in either Pt or Au samples. If Ne is stronger than either of these metals under Mbar conditions, t in Pt and Au should be equal to their yield strengths. Higher t measurements in non-hydrostatic Pt samples suggest this is not the case. This apparent contradiction can be resolved by higher S in Ne, which would allow Ne to show more anisotropic strain at lower t. To further evaluate the strength of Ne, more work is needed to test the reliability of theoretical predictions of the elastic anisotropy of these materials.
[30] In summary, peak widths and relative line shifts were analyzed in the most anisotropic materials in this study, Au, Ne and Pt. These measurements consistently show comparable quasi-hydrostatic stress conditions between Ne and He media. The differential stress supported by the Ne and He media is 2-3% of the pressure up to 2.5 Mbar. Equation of state measurements based on these data can be expected to have error due to deviatoric stresses on the order of 2-3%. Further reduction of error in the comprehensive equation of state will require reduction of deviatoric stresses to <1%.
Summary
[31] Materials commonly used as pressure calibrants were co-compressed in quasi-hydrostatic Ne and He media to pressures up to 265 GPa. X-ray diffraction was used to analyze the stress state in these materials. Although X-ray diffraction data cannot be used to create an absolute pressure scale, the simultaneous fit of these correlated data can be used to improve the relative agreement among pressure scales. A new comprehensive pressure scale for Au, MgO, Mo, NaCl B2, Ne and Pt is proposed with reference to the MgO scale by Tange et al. [2009] and internal agreement to 3% at pressures up to 2.5 Mbar. Our Au, Mo and Pt scales are in best agreement with reduced shock isotherms [Hixson and Fritz, 1992; Yokoo et al., 2009] , while the scale for Ne is in good agreement with the previous equation of state by Fei et al. [2007] . These experiments were conducted at 300 K only. Future work should also extend these scales to high temperatures for application to geophysics.
[32] Diffraction line width and differential line shift analyses suggest that deviatoric stress conditions at 2.5 Mbar are not significantly different in He versus Ne media. The measured strength of Ne at 2.5 Mbar is 8 GPa, in good agreement with Takemura et al. [2010] but lower than stresses measured in Pt or Au samples. More work is needed to determine reliable elastic anisotropy of materials for measurement of deviatoric stress. Errors in pressure calibration may be further reduced by annealing deviatoric stress. Fei et al. [2007] . Due to the high compressibility of Ne, the difference between previously measured [Fei et al., 2007] Birch-Murnaghan and Vinet fits at 2.5 Mbar is significant. Figure 10 . Differences between pressures determined from unit cell volumes of Au, MgO, Mo, NaCl B2, Ne and Pt simultaneously observed in this work (filled symbols) and previous studies [Sata et al., 2002; Ono et al., 2006b; Hirose et al., 2008; Sata et al., 2010] (open symbols). Pressures were calculated for all materials from equations of state from Tange et al. [2009 ], Fei et al. [2007 , Dewaele et al. [2008b] and this work. For all experimental runs with MgO, differences were calculated between Tange et al. [2009] MgO and pressures obtained from (a) previously published scales [Fei et al., 2007; Dewaele et al., 2008b] and (b) Dorfman scale. Similarly for experimental runs with NaCl, the difference between pressures obtained from an NaCl B2 scale and pressures calculated for Au, Ne, Pt and MgO are shown for (c) previous studies [Fei et al., 2007; Tange et al., 2009] . Differential stress measured in Pt in Ne and He in this work. Also shown are previous measurements by this author of t in Pt in a NaCl medium with and without laser annealing. Previous measurements of the strength of Pt by other authors used radial diffraction [Kavner and Duffy, 2003 ] and peak widths [Singh et al., 2008] .
